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FIELD OF TEJE INVENTION 

The invention provide a novel piodiug teclmology Hiat can be applied to ameliorate 
the solubility and/or the bioavailability of therapeutic agents. The invention coznpiises 
the derivatisalion of fherapeutic agents in order to ameliorate their solubility and 
bioavailabihiy. The inveatioa provides conjugates of (herapcoitio agrats wth a 
peptidic moeity •wfaetsin said conjugate is cleavable by a dipeptidyl-peptidase. This 
technology can furthermore be used to modulayte the ptoteaax binding of a therapeutic 
drug and to target specific sites in a mainmal. 

BACKGROUND OF THE INVENTION 

Modem drag discovery techniqjies (e.g» combinatorial chemistryj^ high- 
throughput pharmacological screening, structure ba5ed drug de^iga) axe providijog 
very specific and potent drug molecules. However^, it is rather ooixunon that the^e 
novel chemical structures have unfavorable physicochemical and bicpharmwwtical 
properties. Besides, during the development of new therapeutic agents, researchers 
typically focus on pharmacological and/or biological propertissj wi.th les$ concern for 
physicochemical properties. However* the phi'sicochemical properties (dissociation 
constant, solubility, paxtitian coefficient^ stability) of a drug molecule have a 
signijBcant effect on its phannaceuticaL and biophamiaceuticai behavior. Thus, the 
physicoch^cal properties need to be determined aiud m^ed, if needed, during 
drug development Moreover, the physicochemical properties of many existing drag 
molecules already on the market are not optimal. 

Today, drug candidates are o&mi discontinued due to issues of poor water 
solubility or inadequate absorption^ leaving counties? medical advai3.ces unrealized. 
Still other products make it to the mailcety but never realize their full commercial 
potential due to safety or efficacy concenas. Prodrugs have the potential to ovracwme 
both challenges. The technology exploits endogenous enzymes for selective 
bioconversion of the prodrug to the active form of the drug» This technology has the' 

9 
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ability to keep pnoimsTDS new drug candidates alive through development, and 
improving the safety and efficacy of esdstLoig drug pxoiJiKJte, 

4 

Prodrugs are xaostly inactive derivatives of a drag molecule tbat require a 
chemical or eazymatiG biotransfonnation in order to release &e actiYe parent dmg in 
the body. Prodrugs are designed to overcome aa undesirable property of a drug. As 
such this technology can be applied to ixnproye the phydcochemicajl, 
biopharmaceutical and/or pharmacokineticaX properties of various drugs, UiswUy, the . 
prodrug as such is biologically inactive. Therefore,, prodrugs need to be efficiently 
converted to the parent drugs to reach pronouncod efiBLcacy a$ $oon aa the drug target 
has beeai reached. 

In general, prodrugs are designed to improve ihe penetration of a drug across 
biological membranes in order to obtain improved drug absorption, to prolong 
duration of action of a drug (slow release of the parent drug from a prodrug^ deore^ed 
first-pass metabolism of the drug>ji to target the drug action (e.g. brain or tumor 
targeting)^ to improve aqueous solubility and stability of a drug (Lv. preparations, 
eyedrops^ etc,)> to improve topical drug delivery (e.g. dermal and ocular dnig 
delivery), to improve the chemical / eozymatic stability of a drug (e.g, peptides) or to 
decrease drug side-effects. 

Many prodrug technologies have already been developed dreading on the kind 
of drug that has to be converted. These prodrug technologies include cyclic prodrug 
chemistry for peptides and peptidomimetics, phosphonooxymelhyl (POM) chemistry 
for the solubilization of tertiary amines, phenols, and hindered alcohols and 
esteriecation in genexaL Also targeting strategies are puxsued by oovxpling gC0up$ 
cleavable by specific exxsymes such as the peptide deformylase of bacteria which 
cleaves N-terminal foimyl groups of Ihe peptides or PSA (prostate ^ecific antigen) 

used to target prostate cancer. 

Coupling of peptides or amino adds to a therapeutic agent b^s alre^y beeu 
pursued in the past for several reasons. In the antisense-antigene field, 
oligonucleotides or intercalators have been conjugated to peptides in order to increase 
the cellular uptake of the therapeu.tip agents. These* ohgonucleotides and intercalators 
have not to be released after cell penetration however, and can not be regaxded 
prodrugs. An example of amino acid coixpling to a therapeutic drug is Valgancyclovir, 
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the L-valyl ester prodrug of gajcicryclovir* which is used fixe ihe preverxtion apd 
treatment of cytomegalovirus infectioiis. After oral admiDistration, ih© prodnig is 
rapidly converted to gancyclovir by intestbal and h^atic esterases. Recently, alanine 
and l3^^e prodrugs of novel antitumor beazothiazoles have "beero. investigated. 

Peptide carrier-mediated membrane transport of amino atid ester prodrugs of 
nucleoside analogues has already been demonstrated (1,2). It has indeed been shown 
that , oral bioavailability of drugs can be mediated by amino acid prodrug derivatives 
containing an amino add, preferably in the L-configuration. LrV'altne seems to have 
the optinial combination, of chain length ra.d branching at the p-carbon of tihe amino 
acid for intestinal absoiption. hPEPT-1 has been found to be implicatsd as the primajy 
absorptioii paihway of increased systemic delivay of L-valine ester prodrugs. 
Recently, it was shown that the hPEPT-1 transpoiter need to optimally interact with a 
• free NHz, a caxbonyl group and a lipophylic entity^ and may foim a few addj.tioxxal H- 
bildges with its target molecule. L-VaUne-linked nucleoside analogue esters may 
fulfill these requirements for efficient hPBPT-l subs-bcate activity (3). The prior art for 
ameliorating solubilily and bioavailability reveals however ovJy aroio.o acid prodrugs 
(only one amino acid coupled) of small ox'ganic molecules whereby die amino add is 
mostly coupled through ester bonds, since tb.ey are easily converted back to the free 
therapeutic agent by esterases. 

There is however still a need for new and better prodrug technologies and this 
need is projected to grow, as combinatorial chemistry and high throughput screening 

9 

continue to produce vast numbers of new compounds with a high molecular weight, 
high log P, and poor water solubility 

in the present invention, a new prodrug technology is provided based on the 
coupling of a peptide to a therapeutic agents whereby the conjugates are cleavable by 
a dipeptidyl-peptidase. As 5uch» tlie solubility and bioavailability of the therapeutic 
drug can be modulated more extensively. The lymphocyte surfece glycoprotein CD26 
belongs to a unique class of m^brane-assodaied peptidases. It is characterised by an 
array of diverse fimctional properties and it is identical to dipeptidyl-peptidase XV 
<PPP IV, EC 3-4.14.5). DPP IV is a merhber of the prolyl oligopeptidase (POP; 
BC3-4J21.26) fennlys a group of atypical seane proteinases able to hydrolyse the 
prolyl bond. The 766-annno acid long CE>2$ is anchored to the cellular lipid bilayer 

• • - 
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membrane by a single hydrophoHc segment, and has a short cytoplasmic tail of 
Wo acids (4). The membrane anchor is linked to a large extcaceUiolar glycosylated, 
region, a cysteme-rich region and a C-tenninal catalytic domain (4). CD26 is strongly 
ej^essed on epithelial cells (i.e. kidney proximal tohules, intestine) and on se^^al 
types of endolheUal cells and fiibrob)^.t5, as weU as leukocyte subsets (5). CDZe also 
occurs as a soluble form present in seminal fliuds, plasma and cerebrospinal fluid. It 
lacks tite intraceUular tail and the transmembrane region (6). In addition to its 
exopeptidase activity, CD26 spedfically binds to sevearal pxt>t«ins outside its 
substrate-binding site [i.e. adenosine deaminase (7), fibroneotin (8), collagen (9)]. 
CD26 is endowed Tvitk an interesting (dipeptidyl) peptidase catalytic activity and it 
has a high selectivity for peptides with a proline or alanine at the penultimate position 
of the N-tennisms of a variety of natural peptides. 

Several cytokines, hematopoietic growth factors, neuropeptides and hormones 
share the X-Pro .or X-Ala motif at their N-tenninns and have been show to act as 
efficient substeates for the enzyme (for an overview, see xefereaces 6a and 6b)- 
SnbstancB P is even an ffltample of a natural p^tide of 1 1 amino adds containing an 
Arg-Pro-Lys-Pro sequence at its NH^-temmras, and which is cleaved by CP26 to an 
active heptapeptide by stepwise release of Arg-Pro and Lys-Pro (10), CD26 can cut 
dipeptides ftom very small natural peptides [i.e. the peatapepiide edterostatin (Val- 
Pro-Asp-Pro-Arg) (11)] to larger peptides [inolttdmg flxe chemolsines K^TBS and 
SDF-la and IP-10 (68 to 77 amino acids)] containing respectively the Ser-Pro, Lys- 
Pro and Val-Pro sequences at their amino terminus (12-15). 

Although arelatively restricted substrate specificity (penultimate Pro or Ala) has 
•been observed' for CD26, lower cleavage rates have also sometimes been observed 
whm the penultimate amino acids were Gly, Ser, Val or Leu instead of Pro or Ala (6), 
Also, the nature of die temainal amino acid plays a lole in the eventual catalytic 
efficiency of CD26. There is a decreasing preference fiom hydrophobic (i.e. Val, Tyr) 
to basic (i.e. Lys, Arg, His) to neutral (ie. Gly, Ser, Ghi) to acidic (i.e. Asp) amino 
acids as the preferred first amino acid at the amino termimxs for efficient cutting of the 
peptide by CD26 (6). Ihe observation that a double truncation of macrophage-dedved 
. chemokine (MDC) by CD26 can occur thereby gBquentially loosing Gly' -Pro 
followed by Tyr^-Gly^ suggests that the substrate activity of CD26 may be less 
restricted to the penultimate Pro or Ala than generally^^ted (16). 
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Many ofher hydrolases (EC 3), mot& specffioally pqptidases (EC 3.'4) anH yet 
more spedfieaJly ammopeptidases (EC 3.411) such as prolyl anainopeptidase (EC 
3*4.11.5) and X-Pxo aminopeptidase (EC 3.4. U. 9) have already been ideotified* Also 
other dipeptidases (EC 3.4,13), peptidyl-dipeptidaises (EC 3.4.15) and dipeptidyl- 
peptidases (EC 3.4.14, this EC-group also inolxwies tripqptidyl-peptidas^) exist nest 
to CD26. Dipeptidyl-peptidase I (BC 3A14.1), H (EC 3.4.14.2), HI (EC 3.4.14.4), IV 
(EC 3,4.14,5), dipq)tidyl-dipeptidas« (BC 3.4.14,6) and X-Pro dipcptidyl-p^ptidas© 
(EC 3.4.14,11) for example, have already been identified and characterised. Some of 
them are foimd in himiaiis and other mammals, \vhile others are produced by micro- 
organisms such as yeast and fungi. They dififar in first instance in auiino add 
sequence, but also in their specificity for recognising amino acid segxienoes. 

• The present invention demonstrates that peptidyl prodrug dexxvatiyes 4ie eflBpientty 
converted to the parent compound by the exodipq)tidyl-pe5)tida5e activity of CD26, 
Since an L-valine moiety can be involved in the dipeptldyl prodrug approach, this 
technology may represent a powerful tool to make lipohilio compounds not only 
markedly more water-soluble and less protein binding, but also to enhance oral 
bioavailability and plasma delivery of the parent molecule and a more selective 
delivery of the parent drug to CD26-expre$sing cells. 

SUMMARY OF THE nWEN^ 

The present invention provides a new prodrug technology and new prodrugs in order 
to modulate the solubility, protrin binding and/or the bioavailability of a drug. In the 
present invention the prodrugs are conjugates of a therapeutic drug and a peptide 
wherein the conjugate is oleavable by dipcptidyl-peptidases^ more prefeixably by 

dipeptidyl-peptidase IV. The present invention fhrthermore provides a method of 
producing said prodmgs. The inveotion also piovides a pix>drug technology to more 

selectively target drugs, to enhance brain and lymphatic delivery of drugs and/or to 

extend drug half-lives in plasma. 




It I • 
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BRIEF DESCRIPTION OF THE FIGURES 
Fig. 1. Structural fonnulae of test compomds. 

Fig. 2- Conversion of 50 mM TSAO-NAP-Pro-Val (CAM-405) to TS AO-NAP (CAM- 
212) by purged CD26 (5.7 mUnits) ia fundion of inopbation time (STQ. 

Fig 3 mhibitary efifect of diffei^t coacealxatLons of die dipeptide Val-Pro against 
CD26.catalysed oouversioa of GP.pNA (25 pM) to GP + pNA at 5, 10 or 15 mm of 

reaction. Thfl CD26 catalytic reaction was measured by recording the morease of 
absorption caused by pNA release at 400 ixm- 

Fig 4. Conversion of 50 pM TSAO-NAP-Pro-Val (CAM-405) to TSAO-NAP (CAM- 

212) by several dilutions of hmnan serum (HS) (upper V^D 

(lotver panel) inPBS. Convecsion was recoided aft^ 3. 6 ox 24 hrs of incubation. 

Fig 5 inMbitory effect oflMprotin A (panel A) or nePyr (panel B) on the conversi^ 
of 50 TSAO-NAP^Pio-Vd (CAM.405) to TSAO-NAP (CAM-212) by pmtfied 
CD26 (1-5 mUnite), 2.5% bovine 8«rum (BS) in PBS or 2.5% human soum (HS) m 

PBS. 

Fig. 6. Conversion of a variety of dipqptide derivatives of TSAO-NAP (50 hM) by 
20% human sen»n in PBS in fimetion of incubation time. Black bars (ES) r^rcsent 
the par^ dipeptide derivatives of tSAO-NAP. Dashed bax« (0 ) repres^t TSAO- 
NAP-amino acyl derivatives ftom which die last amino acdd (vahne) has been 
removed. Dotted bars ® ) r^res^t TSAO-NAP (CAM-212) that had been released 
from the TSAO-NAP-dipeptidyl dedvativeg. 

Fig. 7. Overview of tibte synthestic acheme'used fox the synthesis of TSAO dmvatives. 
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DETAILBD DESCRIPTION OF THE INVENTION 



Definitions 



The tern ^'therapeutic drug** as used herein refers to any agent having a beneficial 
ejBfect on a disease^ any ag^t tihat is or will be used in the future as a therapy for a 
certain disease or disorder. This refers also to all molecules which are still in ihe 
disco ver^' or detvelopment phase and which have not'proy^ their efficacy and safety 
yet This includes small organic molecules, proteins^ peptides^ ohgoaucleotides and 
analogs and derivatives. 

as used herein refers to Ihe dipq)tidyl-pqptidase IV (EC 3.4,14.5) in its 
m^nibirajae bound and free JSotddu 

As used herein, **dipeptidyl-peptidase(s)" refers to rasynxes with a dipepfidyi 
aminopeptidasB activity. Oflier enzymes than .CD26 with the same activity and 
proteolytic specificity as CD26 are referred to by "dip^tidyl-peptid'ass(s)". By 
"dipeptidyl-pqptidase IV, CD26 is xefened to, ' , . ■ 

The term **prodrug" as used herein refers to derivatives of a therapeutic drug that 
requires a chemical or enzymatic biotransformatioa in order to release the active 
parent therapeutic drug in the body. 

As written herein, amino acid sequences are presented according to the standard 
convention, namely that tlie ammo temainua of the peptide is on the left and the 
carboxy teraiinus is on the right. 

As used hereicv the term '"peptide" is considered as of the moment that a molecule 
comprises two amino acids coupled via an amide bcxad. 

« 

The present invention is based on the observation that the dipeptidyl-peptidase 

* _ » 

IV (CD26) has a postproline or postalanine dipeptidyl aminopeptidase activity^ 
prefer«tially cieaving X-proliTC ot X-alanine dipeptides from the N-t^nn.us of 
polypeptides or proteins. 

In view of this observation, the present invention provides a new prodrug 

* * * 

technology in order to modulate the solubility, plasma protein binding and/or to 
enhance the bioavailability of a dmg. In other embodiments of the invention, prodrugs 
are delivered in order to more selectively target ^tugs, to eahance brain and lymphatic 
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delivery of drugs aad/or to extead drug half-lives in plasma. The pi^seot invmtion 
provides new prodrugs, characterised in th^ the prodxugs ar^ cleav^le hy a 
dipeptidyli)ep1idase or other enzymes with the same activity «nd prot^lytio 
specificity as CD26. In a preW embodiment, the prodrugs of the present invention 
are peptide-dnig conjugates and derivatives that inch«le «pinP aoxd 

sequel contaimng cleavage sites for dipeptidyl-peptidases. As such, the invention 
also provides a iherapeutic prodmg composition comprising a therapeutic drug hnked 
to a peptide which is specifically cleaved by dipeptidyl-peptidases. 

The therapeutic drug can be hnked to the c^bo^ group of an amino acid dther 
directly or through a linker group. In a pref^ed embodiment, the ftier^peutic drug 
aad flxe p^tide are directly coiq>led via an amide bond. The Iher^eutic drug can have 
a ftee amino group (prhnary or secondary) amide that can be coupled wxth the 
carboxyl group of amino acids, more preferrably with the a-carbo^l group. M 
anolher preferred embodiment, the therapeutic drug and the peptide are coupled via a 
li^er, wherein the link« can be of no^pq>tidic or p^tidic nature. If the counection 
betv^'een the therapeutic drug and flie peptide is made throt^ » linker, the comectxon 
. between the hnker and the first amino acid is preferrably an amide band. The hnker 
niay be connected to. the ther^eutic drug through any bond types and ch^cal 
known to those skiUed in the art. more preferably by covaleat bonding. The 
liDker may r^aan on the therapeutic drug indefinitely after cWge, or m^y be 
ronoved thereafter, either by ftother reactions vath external agents or in a self- 
cleaving step. External agents which may affect cleavage of the linker include 
enzymes, proteins, organic or inorganic reagents, protons and other agents. In 
«nbodimcnts in vtoch Ihe liiO^ remains attached to the drug, the liriker can be any 
group which does not substantially inhibitthe activity of the drug after cleavage of the 
peptide. Ih other embodhnents, the link«c h self-cleaving. Self-deaving linkers are 
those which are disposed to cleave from the drug after the cleavage of ttxe peptide by 
dip^tidyl-peptidases. Mechanisms involved in the self-cleavage of the linkers are for 
^ple intra molecular oyoHsation or spontaneous SnI solvolysis and release the 
• drug upon upon peptide cleavage.Some examples of hnkers are provided m AtweU et 
aL (Atwell et al. /- Med. Chem. 1994. 37: 371-380). Ihe hnkers geaexally cont^m 
primary amines which form snide bonds to the carboxy terminus of the peptide. The 
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Mxiks^ can also contain a carboxylic acid which foims an amide bond to a primary 
amine found on the drug. The linker can be coupled to the drug by one or more 
reactions chosen from the reactions available to the person skilled in the art. 

Preferably, the aminoteiminal end of the peptide in the prodrug comprises X- 
Pro, X-Ala^ X-Gly> X-Ser, X-Val, or X-Leu, wherein X represents any amiao acid or 
isomers (Le. or D-configuration) thateof la a preferred esnbodiment, the peptide 
comprises aminotemdnally X-Proline or X-AIanine, As such the amino acids can be 
selected from alanine, arginine, asparagine. aspartic acid, cysteine, glutamine, 
glutamic add^ glycinB, histidine, isoleucine, leucine, lystfne, methionine, 
phenylalanine, proline, scxine, threcmine, tryptophan, t^oosinB, -valine and deodvatiYes 
thereof. Also modijEied (i.e. hydroxylproline) or imnatural amino acids can be 
included, hot another preferred embodiment, the length of the peptide is between 2 and 
10 amino acids and can therefore have a length of 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino 
acids. In another prefeaed embodiment, the peptide conq>rises (X-Y^ repeated imits . 
wherein X represents any amino acid, Y is selected from Pro, Ala, Gly, S«sr, Val or 
Leu and n is selected from 1^ 2, 3, 4 or 5. In another more prefeired embodimeat said . 
peptide is a dipeptide. In still a more preferred embodiment, the dipeptide is Lys-Pro. 
In another still more preferred ^bodiment, the amino acids have the I^onfiguration- ' 
The aminoterminus of the peptide may also contain conventional capping groups* 
Such capping groups include acet^d, succinyl, benzyloxycarbonjij, glutaiyl, 
moxpholmocaxbonyl, methyl ioid mtoy othets known in the art. Those skiUed in the 
art can make substitutions to achieve peptides with better profile related to sohibihty, 
bioavailability and targeting of the conjugate. Therefore, the invoilion includes the 
peptide sequences as described above^ as well as analogs or derivatives thereof, as 
long as the conjugates remain oleavable by dipeptidyl-peptidase. 

Th& therapeutic dmgs that may be used in the prodrugs of the invention include ' 
any drugs that can be directly or indirectly linked to a peptide and wheareby the 
conjugate is oleavable by dipeptidyl-i>eptidase. In addition to kaown iherapeutio 
drugs, this invention can also be appUed to the novel drug moleoules that are ouxr^atly 
under dmg development or to dmg molecules which are afceady in clinical use. In 
another preferred embodiment, ihe therapeutic drug is a small organic molecule and 
not a pq>tide, proteitv an intexcalator or an oligonucleotide or analogs thereof (such as 
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HNA* PNA, etc.). The theiapeatic molecule can Ixave an activily m the oardiovascidaa:, 
neurological, respiratory, oncology, metaboUo dishes, immimology, wology, anti- 
Mectives, infla^^ou and all oth© liiei^euiic fields. In yet another more preferred 
embodiment, the therapeutic dxttg has am aativiial activity, still a xnoxe preferred 
embodiment, the therapeutic drug has an anti-HIV actiyity. 

PrefOTcd diugs are those containmg primary amines. The presence of a primary 
amine aUows the foimation of an amide bond between the dxng and the peptide. The 
primary amines may be found in the drugs as commonly provided, or they may be 
added to the drags by chemical synlhesis. Certain therapeutic drugs contaih primary 
amines, for example, anthracycline antibiotics containing contaimng an wmno 
such as doxorubicin, daimorubidn, epirubicin, idarubidn and ^e like. Antiviral drugs 
that contain an amine or amide are fox exan^le the guanine derivatives anh- 
herpes activity lite acyclovir, gancyclovir, penpiclovir and lobucavir, the cytosine 
derivatives gemcitabine, ddC. acaC and lamivxLdine (3TC), the protease inMbttors 
amprenavirandDMP850and851. Others axe ribavirin, the NNRTIs TMC125 (from 
Tibotec-Virco) and AG1549 (fiom Agouron), PMPA (tenofovir), PMBA (adafovir) 
and oseltacuivir. 

Aocordina to the FDA's Biopharmacentics Classification System (BCS), dmg 
substances are classified as follows: Class I - High Permeabihty, High Solubility; 
Class H - High PenneabiUty, Low SohibiHty; Oass HI - Low Permeability, High 
Solubihty and Class IV - Low PecmeabiHty, Low SolubiHty; How drugs are classified 
in this dassification system' is described in the guidUnes of the BCS. Ih a prefeixed 
embodiment, the therapeutic dru^ lhat. can be used in the inventi«m aie selected fiom 

4 

class n, in and IV. 

• ■ 

The invention provides for prodrugs that are cleavable by dipeptidyl-peptid^- 
The dipeptidyl-peptidases can be selected fiom the groiQ> of peptidases (BC 3,4) and 
yet more specifically aminopeptidases CEC 3.4.U) such as prcbl aminopeptidase (BC 
3.4.11.5) and X-Pro aminopeptidase <EC 3.4.1L9), from the grow of djpeptidases 
(EC 3.4.13), peptidyl-dipeptidaaes (EC 3.4.15) and dip^tidyl-peptidases (EC 3.4.14, 
this EC-group also includes tripeptidyl-peptidases) such as dipeptidyl-peptidase I (EC 
3.4.14.1), n CEC 3.4.14.2% HI (EC 3.4.14.4), IV (EC 3A14.5), dipeptidyl-dipeptidase 
(EC 3.4.14.6) and X-Pro dip^dyl-peptidase (EC 3.4.14.11). In a preferred 
embodiment, the prodrug is deavable by dipeptidyl-peptidases pteseiXt iti mammals or 
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more pr^errabty in humaas. In a more preferred embodiment ihe prodrug is 
cleavable by dipeptidyl-peptidase ]y.(CD26), as well by the ceU-surfece bound as by 
the soluble form present ux seminal £luids> plaana and cerebrospinal fluid. 

I 

t 

The invention also provides a method for modulating (Le. inoreasing) Ui^ 
(water) solnbility, the protein binding and/or tike bioavailability of a lixOTpeutic drug 
by coupling a peptide to said therapeutic drug whereby Ihe resxilting oonjugate i$ 
cleavable by a dipeptidyl-peptida^a Any changemejxt of the therapentic drug, also 
Including conjugation of amino adds, has a proven influeace on the solubility and 
bioavailability profile of s^d drug. The present invention provides however a method 
of amehcmting the solubility andAxr bioavailabihty of flie drug without changing the 
activity profile of the therapeutic drug. Other cheo[ni.Q«l groups may be coupled to tb.e 
prodrugs of the invention^ including those which render the prodrug more soluble in 
water. These groups include polysaccharides or oth^ polyhydroxylated rooieties. For 
example, dextran, cyclodeactrin and starch may be iuclpded in the piodxug of ihe 
invention. 

The present invention also provides a method for targeting molecules to 
dipeptidyl-peptidase expressing cells, tissues or organs, provided that the dipeptidyl- 
peptidases are expressed on the cell surface or secreted in the extracellfllax mediunj.. 

« 

The present invention furthennore provides a metixod of producing a prodrug, 
wherein the prodrug is cleavable by a dipeptidyl-peptidase. This metihod of producing 
a prodrug conqprises the step of linking a tiierapeuticaliy active drug and a peptide. Id 
a more preferred embodiment, tiie therapeuticaJlly active drug or the peptide are in a 
first step dCTivatised in order to be able to link the therapeutic drug and the peptide in 
a later step via. an amide bond. In certain embodiments, the peptide is linked directly 
to die drug, ih other embodiments, the peptide is indirectly linked to the drug, the 
linkage occurring throu^ a linker. la each case ihe oaiboxy tertxlitiuB of the peptide is 
used for linking. Many acceptable methods of coupling caiboxyi aixd mmo groups to 
f«rm amide bonds are known to those skilled in the art. 

The present invention )Ebrtfa?Eanare provides fear prodrugs of TSAO. P^tide 
prodrugs of [l-[2%5'-Bis-0-<tert-butyldimethyl5ilyl)-b6ta-D-ribofbiBnosyl]-3-(3- 

■ • . : , J ....... . . • 
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ammo-propy!)-thyiimieh(R)(ribo)-3*-5piio-5-(4-fl^^^ 

(^AO-NAP) axe provided by this inyealioiu The valine, valineiffoline aad vahne- 
proline-valine TSAO-NAP derivatives are piovidedby ^ invention. 

Ja artt>l3xer aspect ihs invention provides a method of detecting dipeptidyl- 
peptidflse producing tissue ox cells by using Hie prodrug technology of &e invention, 
as described above. Tho method is carried out by contacting a detectably labeled 
peptide of the invention with target tissue for a period of time sufficient to allow 
d^eptidyl-peptidase to cleave the p^tide and release ihe detectable label. The 
detectable label is then detected. The level of detection is fiien oonrpared to tiiat of a 
control ssn^)le not contacted with the target tissue. Many varieties of detectable label 
are available, inchiding optically based labels, such as chromcpb.or»c, 
chenuluminesc^l, fluorescent or phosphoiesceat labels, and xadioax^tive labels, such 
as alpha, beta or gamma emitting labels. Examples of fluorescent labels mclude 
amin^ntaining coumarins such as 7-amino-4-methylcoumarin, 7-ammo-4- 
trifluoromemyl. and other amine-cautaming fluorophores such as 6-aminoqvimolme, 
2-aminopurines, and ihodaminBS, including ihodamine 110. Examples of radioactive 
labels include beta Otters such as ^ H/^ C and L Examples of cbtomophonc 
labels (those that have characteristic absorption spectra) include nitroaromattc 
compounds such as p-niixoaniline. Examples of chemilmimiesc^t labels includa 
ludferins such as 6-amino-6-deoxylucLferin. 

Preferably, the choice of detectable label allows for i^d detection and easily 
interpretable detenninatiaas. Detectable labels for use in the invention preferably 
show dearly detectable dififoreao^s betweeu detection from the cleaved and uncleaved 



State. 



The invention provides a method for detecting a disorder aocompanied m«i 
ov^ession of dipeptidyl-peptidases, more preferrably CD26, which compnses 
contacting a prodrug wifli a cell suspected of having a dipeptidyl-p^tidase- 
production associated disdrdw and detecting cleavage of the peptide. The peptide 
reactive with dipeptidyl-peptidase is labeled with a con^omid which allows detection 
of cleavage by dipeptidyl-peptidase. For purposes of the inventiou, a prodrug may be 
used to detect the level of enzjotnaticany active dipeptidyl-peptidase in biological 
fluids and tissues such as saliva, blood, or urine. The levd of dipeptidyl-peptidase m 
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the suspected cell can be compared with the level in a nonnal cell to detercaine 
whether the sxibject has a dipeptidyl-peptidase-pioduction associated cell disorder. 
Preferably the subject is human. 

■ 

. The invention also provides a. method of selecting pot^tiaj prodrugs for use in the 
invention- Hie method generally consists of contacting prodrugs of the invention with 
dipeptidyl-peptidases or tissue or cells producing dipeptidyl-p^ptidases and with 
dipepttdyl-peptidases jfree medium in » parallel esqpenineDit 

La a certain embodiment of the invention, the above described prodmgs can be 
used as a medicine- In another erabodimOTt> the above described prodmgs cm. be used 
to manu&cture a medicament to prevent.or to treat a certain disease. The disease that 
will be treated depends on the therapeutical drug that ^^dll be used in the prodrug 
technology. 

The invention fintixermore provides methods of treating a certain disease by 
admiiiistering a prodmg as described by the invention. The prodmgs of tiie inv^tion 
and/or analogs or dedvatives thereof can be adrninistered to any host, including a 
human, a non-hmnan animal and mammals, in an amoimt effective to treat a disorder. 

To further optimise the pharmacokinetic profile of ftie prodrugs of present 
invention they can be adnainistered in conjunction witli a suitable delivery vehicle 
(e-g., microcapsules, microsph^es^ biodegradable polymer films, lipid-based delivery 
systems such as liposomes and lipid foan^is, viscous hastUlate$ ' and absorbable 
mechanical barriers) useful for maintaining the necessary conc^ntratiorKs of the 
prodrugs or the therapeutic drug at the site of the di$ea$e. 

The prodrag or *'tnedicamCTt" may be adoriaistered by any suitable method 
within the knowledge of the skilled man. Modes of admitristration known in tibie art for 
therapeutic agents include parenteral, for example, intravenous (e,g, for antibody 
inhibitors), intr^eritoneal, intramuscular^ intradermal, and epidermal iucluding 
subcutaneous and intradermal, oral, or application to mucosal surfaces, e-g. by 
intranasal administration using inhalation of aerosol siispensiaas, and by irnplauting to 
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muscle or oliier tissue in flie subject. Suppositories and topical, locally applied 
preparadons are also contenq)lated- 

Sa the present invention, iJie prodiugs are introduced in amounts sufficient to 
prevent, reduce or treat a certain disease, depending on the adsnmdstraiion route. 

The most effective mode of admimstration and dosage regimen for the prodrugs 
or the ' toedicament" in tibie methods of the present invention depend on Ihe severity of 
flic disease to be treated, the subject's health, previous medical histoty, age. weight, 
height, sex and response to treatment and the judgment of die treating physician. 
Therefore, the amoimt of prodrug to be administered, as weU as the number md 
taming of subsequent administrations are deteimined by ^ medical proftseional 
conducting therapy based on the response of the individual subject ilitially, such 
parameters are readily detennined by skilled practitioners using ^propriate testing in 
ammal models for safety and efficacy, and in human subjects during clinical trials of 
prodrug formulations. After administration, the ef&cacy of the therapy using the 
pi-odrugs is assessed by various mefliods including asaesan^t of the clinical picture. 

Suitable pharmaceutical carriers for use in said pharmaceutical compositions and their 
formulatiott are well known to those ddlled in the art, and there is no pardcular 
restriction to tibieir selection within the present invention. Suitable carriers or 
excipi^ts known to the skilled man are salme, Binser-s solution, dextrose solution. 
Hank's solution, W oils, ethyl oleate, 5% dextrose in saline, stibstances 1hat 
enhance isotonicity (such as sugax^ or sodium chloride) and cb^cal stabihty. buffers 
and preservatives. Other suitable carriers include any earner that does not itself induce 
the production of antibodies hamiM to the individual receiving the composition such 
as proteins, polysaccharides, polylactic acids, polyglycoHc acids, polymeric amino 
acids and amino add copolymer. They may also include ^ves such as wetting 
agents, dispersing agents, stickers, adhesives, emulsi^ agents, solvents, coatings, 
antibacterial and anti&ngal agents (for example phenol, sorbic acid, chlorobutanol) 
and the like, provided Ihe same are consistent with ph^imaceuticai practice, i.e. 
carriers and additives which do not create pmnanent damage to manunals. The 
phaimaceulical conqiositions of the present invention may be prepared in my Ifjxown 
matmer, for instance by honjogaieously mixing, coating and/or grinding the active 
" iiSS^nS:'in a one-step or multi-st^s procedure, with the selected carrier material 
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and, where appropriate, the other additives 5nch as sutface-actXYe ag^orts may also be 
prepared by inicronisation^ for instance in view to obtain them in the form of 
microspheres usually having a diameter of aboat 1 to 10 jxm, namely for the 
manufacture of microcapsules for controlled or sustained release of the active 

ingredients. 

Suitable surface-active ageaits to be used in the pharmaceutical compositions of the 
present invention are non-ionic, cationic and/or anionic materials having good 
emulsifying, dispersing and/or wetting properties. Suitable anionic surfactanis include 
both water-soluble soaps and water-soluble synthetic surface-active agents* Suitable 
so^s axe alkaline or aUcaline-earfh. metal salts, unsubstitoted or isubstiitqted 
ammonium salts of highier fetty acids (CIO-C22), e.g, the sodium or potassium salts of 
oleic or stearic acid, or of natural fatty acid mixtures obtainable foim coconut oil or 
tallow oiL Synthetic surfactants include aodiiun or calcium salts of polyacrylio aciis; 
fatty sulphonates and sulphates; sulphonated benzimidaaole derivatives and 
alliylarylaiilphanates- Fatty sulphonates or eulphales are usually in the form of 
alkaline or alkalme-earfh metal salts, unsubstituted ajtnmonium salts or ammonium 
salts substituted with an alfcyl or acyl radical having fit>m S to 22 carbon atoms, e.g. 
the sodium or calcium salt of lignosulphonic acid or dodecylsulphonic acid or a 
mixture of fatty alcohol sulphates obtained fix>m natural fatty acids, alkaline or 
alkahne-earth metal salts of sulphuric or sulphonic acid esters (such as sodium lauryl 
sulphate) and sulphomc acids of fatty alcohol/etfaylene oxide adducts. Suitable 
sulphonated benzimidazole derivatives- pref^ably contain 8 to 22 carbon atoms. 
Examples of alkylaryisulphonates are the sodium, calcium or alcanolanrine s.alts of 
dodecylbenzene sulphonic acid or dibutyl-naqphtalenesulphomc add or a naphtalaie- 
sulphonic acid/formaldehyde condensation product Also Suitable are the 
corresponding phosphates, e.g. salts of phosphoric acid ester and an adduct of p- 
nonyiphenol with ethyieaae and/or prbpylme oxide, or phospholipids. Suitable 
phospholipids for this purpose are the natural (originating ftxwn animal or plant cells) 
or synthetic phospholipids of the .ceph9lin or lecithin type such aa e.g. 
phosphatidylethanolamin^ phosphatidyiserine, phosphati.dylglycerine, lysolecittuGo, 
cardiolipin, dioctanylphosphatiidyl-chaline, dipalmitoylphoshatidyl -choline and their 
mixtures. 
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Suitable aioa-ioBic suifectaiite include polyeHioxylated and polypropoxylated 
derivatives of alkylptieaols, fatty alcohols, my aliphatic amines or a^des 
ooatainiBg ^ least 12 caibon atoms in' the molecule, alkylMene5ulphonate$ a^d 
dialkylsulphosucdnates, such as polyglycol e&ec derivatives of aHphatic and 
cycloaliphatic alcohols, satamted and unsaturated &«y acids and alkylphenols, said 
derfvBiives preferably contaimng 3 to 10 glycol ether groaps and 8 to 20 caibon atoms 
in the (aliphatic) hydrocaibon moiety and 6 to 18 carbon atoms in the alkyl moiety of 
fee aDcylphenaL Further suitable noa-iomo surfectants are ^-solnble adducts of 
polyethylote «^de with.poyiypropylene glycol, ethyleaediaxninopolypropylene glycol 
ccntatoing 1 to 10 carbon atoms in the alkyl chain, which adducts contain 20 to 250 
ethjdeneglycol ether groaps and/or 10 to 100 propyleneglycol ethsc groups. Such- 
compounds usually contain ficom I to 5 ethyleneglycol units per propyieneglycol unit 
Representative e««nples of UPn^omc smfectants are nonylphenol - 
polyethoxyefhanol, castnr oil polyglycolic ethers, polypropylene/ polyethylene oxide 
addncts, tnWph^xypolyediQxyethanol, polyethyieneglycol and 
octylphenoxypolyethoxyethanol. Fatty acid esters of polyethylene sorbitan (such as 
polyoxyethylene sorbitan. trioleate), glycerol, sorbitan. sucrose and pentaerythritol are 
also STiitable non-iomc suxfactaats. 

Suitable cationic surfectaats include quaternary atmnonium salts, preferably halides, 
bavhig 4 hydrocai-bon radicals optionally substituted wilh halo, phenyl, substitiited 
ph«ayl or hydroxy, for instance quHtemary ammonimx salts co«taming as N- 
snbstituent at least one C8C22 alkyl radical (e.g. cetyl, Isuryl. palmityl, myristyl. oleyl 
and tHe like) and, as further substituents. unsubstituled or halogenaled lower alkyl, 
benzyl and/or hydroxy-lower alkyl radicals. 

A more detailed description of surfece-active agents smtable for ihis purpose may be 
found for instance ia "McCutcbeon's Petergerrts aad Eaiulsifiers Annual" QOC 
publishing Crop., Ridgewood. New Jersey, 1981), "Tensid-TaschenbuchS 2 d ed. 
(Hanser Verlag. Vxetma, 1981) and "Encyclopaedia of Sur&ctants, (Chmical 
Publishing Co., New Yoric, 1981). 

Additional ingredients may be included in ordsr to control the duration of action of 
the active ingredient in the con^osition. Control release con3positions may thus be 
achieved by selecting appropriate polymer carriers s«ch as for example polyesters, 
polyamino acids, polyvinyl pyrroMone, ethylen^vi^l acetate copolymers. 
methylceuXs^; carbo^^ethylcellulose, protamine sulfete and the like. 1^ rate of 
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drug release and duraticai of action may also be coniiolled by incoxpoiating the active 
mgredieot into particles, e.g. microcqjsiiles, of a polymeric substance such as 
hydrogels, polylactic acid, hydroxymelhylcellulose, polyniethyl methacrylate and &e 
other above-described polymers. 

* 

Such methods include colloid drug deliveiy systems like hposomes, microspheres, 

mioioeniulsioas, nanopaiticles, nanocapsujes and so on. Depending, on the route of 
administration, the phannaceutical wrapositioji may require proteotxYe coatings. 
Pharmaceutical fbmxs suitable for injectionable use inchide sterile aqueous solxrtions 
or non-aqueous solutions or dispersions (suspensions, emulsions) and sterile powders 
for the extemporaneous preparation theareof. Typical catriets for this purpose therefore 
include biocompatible aqueous buffers^ ethanol, glycerol, propylene glycol, 

polyethylene glycol, vegetable oik such as olive oil, and iniectabie organic est^ such 
as ethyl oleate and Ihe hkc and mixtures. thereof Parenteral vehicles include sodiiiin 
chloride solution^ Ringer's dextrose, dextrose and sodium chloride, lactated Ein^T% 
or fixed oils. Intravenous vehicles include fluid and. nutrient replenishers, electrolyte 

rcplenishers (such as those based on Ringer* s de?ctrose), and the like. Preservalives 
and other additives can also be present such as, for example, antimicrobials, anti- 
oxidants* chelating agents^ and inert gases* and the like. 

The present invention thus provides in a preferred embodameiit di- and oligcrpqptidyl 
derivatives of drugs thai act as efUcient subartrates for dipeptidyl-pqptidases present on 
the suxfece of cells or in plasaotia. By linlrimg for example water-insoluble," lipophilic 
drugs to (polar) di- or ohgopqjtidas, these drugs become more wartesc-soluhle 'm 
biological fluids and physiological media, but may also gain (oral) bioavailability due 
to specific recognition by the intestinal hPEPT-1 and related peptide transporters. 
Valine deiivatiyes of nucleoside analogues sudh as valacyclovir and valgEinoiclovir 
axe examples of nucleoside prodrug that are substrate for hPEPT-1, amd whose 
solubility^ absorption and systemic availability has been markedly inqjroved 
compared wittx the parent compounds due to intestinal epithelial broah-border 
membrane pqptide-canier-mediated transport. ModiJ^g ttie number and nature of 
the amino acids in the (oUgo)p^tide part influenoes the ddpeptidyl-peptidasB (ie, 
CD26) susceptibility of the prodrug molecule, but also the degree of aqueous 
^^^Zc^^^^ Fl ?^^ binding and bioavailability, as well as plasma half-life. The 
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C amino add con^osition can be optimized in function of the nature and biologioal 
iyt>plicatioiioftbepartdc\dardrug. ; 

The inv«Dtion ^ be furth^ described in the foHowii^ examples, which do not limit 
(ho scope of die inventiaa described in the claims. 




Examples 



.f TSAO-NAP-Pm VI I ^ 1^ O tT ^ P Vnl -Fm-Y.l to the parent 

.^r„y^..nA^ TSA^^N^^ -^'^ TSAO-N^P-Val by p^tiSi?^S3m. 
The hpophyho Is^-aminopxopyi-substitnted TSA Wt nucleoside derivative TSAO- 
NAP (CAM-212) has been cheaucaUy linked to ihe dipeptide Val-P£0 md Ihe 
trip^de Val-Pro-Val tough the firee carboxyUc acid end of the di/tripeptide 
reciting in CAM-405 CTSAO-NAP-Pro-Val) and CAM-431 (TSAO-KAP-Val-Pto- 
Vai) (Fig. 1). To reveal whether CD26 recognizes suoh synthetio di/tnp^tade 
derivatives of Upophyho nucleoside analogues as a aubstcate, 50 ^ CAM-405 or 
CAM-431 was reposed to 5.7 mUnils of purified and the conversion of CAM- 

405 or CAM-431 to CAM.212 was recorded in. function of incub^dion time by HPLC 
analysis. The identily of the fonned CAM-212 product was revealed by HPLC 
analysis n^g the reference parent compound as control, and by mass specm>me^ 
We W lhat CD26 efficiently removed the dipeptide Val-Pro fiom CAM-405 
resulting m the time-dependent appearance o£ the parent compound CAM-212 (Fig. 
2) Within &a first 10 min of the reaction, at least 20% of CAM-405 had been 
converted to CAM^212, fifty percent of ^e TSAO dipeptide derivative was converted 
to CAM-212 within 30 min of the" reaction and ~ 67% of CAM-405 wa. bydrolysed 
after 60 min. Ilxus, the reaction rate started aheady to slow down afer the fix^ 10 mu. 
of drug exposnre (J^ig, 2). Most My, the release of the reaction product Val-Pro 
dose^d^endently £eed-ba.k mMbited ^he CD26-c.t3lysed. dipeptidyl-pept^dase 
reaction. Similar data v,^ obt W for the conversion of the tripeptide deavat^ve 
TSAO-NAP-Val-Pro-Val (CAM-4U) to the TSAO-NAP-Val product (CAM-403) 
(data not ^own). men the dipeptide Val-Pro wa3 eval^ed for its inhibitacy eff^t 
against CD26. 4 mM completely mhibited the reaction; 400 pM Val-Pto inhibited the 
xeaetion by » 90%, whc^ 40 pM and 4 pM prevented CD26-catalysed p- 
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nitroamlioe release from GP-pNA by. 70 and 15%, respectively (Fig. 3). Thus, in the 
presence of 50 ^ CAM-405, hydrolysis of 50% of CAM-405 to CAM-212 results in 

■ 

the appearanpe of 25 yM Val-Pro, that ig a c<mceniraiion that (feed-baok) inhibits tfee 
CD26 reaction by - 50%. Ttese findings explain "vrfiy the CD26-catalyBed reaction 
leveis-off shortly after the start of the exposure of flie drug to CT)26. In contrast Hie 
dipeptide Lya-Pto could be completely removed fincan TSAO-NAP-Pro-Lys by CI>26, 

pointing to a ladk of feed-back inhibition of CD26 by free Lys-Pio. 

Copvecsion of TSAQ-MAP -Pro^Val and TSAO-NAP-^Val-PTo-Val to the parent 
' compounds TS AO-NAP and TSAO-NAP-Val hy hmnan and bovme serum 

Human and bovine serum were incabated for 3 hr, 6 hr and/ox 24 lor at 37°C in the 
presence of 50 jiM CAM-405. The sem were diluted in PBS at a final ooneentiation of 
0-5, 1, 2*5 or 5%- Both human (HS) and bovine (BS) senim efficiently converted 
CAM-405 to CAM-212, The longer the incubation time-^ and the higher the serum 
concentration used, the faster the conversion of CAM-405 to CAM-212 oocuired (Fi§. 
4). As also noted for CD26, HS- and BS-catalysed reaction slowed down in function 
of time, and was not linearly proportional with serum concentration (Fig. 4). These 
findings provide again evidence for a pronpimced feed-back inhibition Of dipeptidyl- 
peptidase activity in human and bovine serum by the released Val-Pro dipqptide. HS 
was more ejaScieat in converting CAM-405 to CAM-212 ttian BS (Fig. 4). Since 1% 
HS is able to hydrolyse - 20% of 50 jiM CAM-40S within 3 hrs of incubation/ it 
could be calculated that undiluted serum would have been able to convert fhb prodrug 
amount to its parrat compoxmd at a himdred fold higher speed, that is, within L8 min, 
provided that no feed-back inhibition would have occurred (as expected in the intact 
organism where release of Pro-Val would immediately result in disappearance from 
the plasma due to several mechanisms including organ uptake, renal excretion, etc,)* 
This means that 10 fzM CAM-405 should have a half-life of less than 1.8 min in 
pla^a, and thus, wiU virtually immediately be conve?rt:ed to its parental drug as soon 
as it appears in the plasma. 
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r^Jl sns peasions 

The conyeision of TS AO-NAP-Pro-Val (CAM-405) to TSAO-NAP (CAM-212) ^ 
effideatly occurred by carefiiUy washed T-lymphocydc CEM cell su^easions m 
PBS. Tea mMcm CBM cells susp^ded m 200 jil PBS hydiolysed the Val-Pro moiety 
from CAM-405 by 65% within 3 brs of mcubation at 3TC. This amount of hydrolysis 
was found both in the PBS supernatant jcadin the CBM ceU extiraots. Presumably. 
CD26 present in the ceU membrane of CEM cells had cleaved-off fee Val-Pro from 
CAM-405' after which both truncated and intact piodiug had been taken np by the 
lymphocytic cells to aa eqiial extent. 

1.^^ ^.cific rr.^^ ^^^^'Htor. o n ihe , c^Tiver^t oty of T.SAO-NAP-Pto-Val to . 
TRAQ-NAP 

CD26^atalysed CAM-405 convernioa to CAM-212 was re«>rded in the absence or 
presence of the CD26 inhibitors diprotin A «ad IlePyr <Fig. 5). Interestingly, at 1h.e 
highest concenttation of fee mhibitors (500-1000 a nearly complete prevention 
of the conversion of CAM-405 to CAM.212 occuxred in both HS and BS or by 
purified CD26. At 1 0-fold lower idbdbitoryconcai1rationsCi.e. 50-100 mM) dipiotin A 
and ncPyr still efficiently suppressed 50%) the CD26H^talysed convemon of 
CAM-405 to CAM-212 by purified CD26 pr^arations and by HS and BS CFiS- 5). , 
These observations pomt to CT>25 the main and predoxninant enzynae responsible 
in HS and BS to remove the dipeptide part from the lipophylio TSAO-NAP d«»eptide 
zmcleo^de analogue. 

•Rvdit^lvsis of ^ipp- ptide r>ro6p ^ ?^ the mes6^ ^^ nFpnrified rT>?6 and human aerum 
A variety of different TSAO-NAP dipeptide and tiipeptide derivatives were 
synttiesizBd and evaluated for their ability to act as an efScient substrate for CD26. 
CAM-431 CrSAO-NAP-Val-Pro-ValX -containing a txipeptide (Val-Pxo-Val) moiety 
to TSAO-NAP was also hydrolysed by CD26. releasing the dipeptide Val-Pro 
and the t«naitttng valine^ubstitut^d TSAO-NAP-Val. Merestingly. CAM-407 
(TSAO-NAP-Vai-Pro-Val-CH3) cantaimng a methyl group ailhe free amino group of 
Val in CAM-412 conjpletsLy lacked substrate activity for CD26. Even after 24 brs of 
incubation, no trac^^ofja formed truncated TSA^AP-Val-Pro-Val-CH, derivative 
could be observXs^milar observation^ w«c made for TSAO-NAP-Pro-Val or 
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TS AO-NAP-Val-Fro-Val derivatives al which a Kpophjdic entity was linked on the 
firee amino group of valine. Thus^ a i[ree gmijatQ group gzi tte ultimate ^tniao acid is a 
prerequisite for substrate activity by CD26, Jn sdditxon to V«l-Pro, sOso fontxd Lys- 
Pro a very efSoient dipeptide to be cleaved by CD26. Asp-Pro was much less 
efScimtiy cleaved. 

When fhfi dipeptide VaJ-Pro' on TSAO-NAP was replaced by other dipg>tide5 
such as Val-Gly, Val-Leu or Val-Phe, no CD26-cataly8ed cbiaveraioa to the patent 
coinpoimd was observed, even z&er 24 hrs of inovibaiian. Also, when I^Pio jbtx TSAO- 
NAP-Pro-Val was replaced by D-Pro, the compound did not act anymore as a 
measurable substrate for purified CD26, md VaI-p)Pro was not spEt-off. However, 
Val-Ala linked to TSAO-NAP, was the only alternative dipeptide found, together with 
Val-Pro, that was released jfrom the parent TSAO-NAP^ molecxdc by CX>26, Thu5> a$ 
with natural peptides that contain 3. pesccuJltibDaate Pro or Ala at their NH2 temunal, 
CD26 is also able to recognize this dipeptide sequOTice when hnked tbiough an amide 
bond to a molecule (i.e. TSAO) different from a peptide, 

interestiagly, when the TSAO-NAP-dipeptides were exposed to 20% hvungn 
senim (diluted in PBS), the compomds were converted to one or two derivatives 
depending the nature of 1ij;e dipeptide (Fig. 6). For example, TSAO-NAP-Giy-Val was 
efficiently (but solely) converted to TSAO-NAP-Gly. TSAO-NAP-Leu-Val and 
TSAO-NAP-Phe-Val did convert to a limited extent to TSAO-NAP-Leu and ISAO- 
NAP-Phe, respectively, but also to TSAO-NAP. Jnterestinsly, tibie TSAO-NAP-D-Pro- 
Val derivative that contains a penultimate proline residue in D-confignratiofl, is vejcy 
stabb in the human serum. Only a very limited amount of ISAO-NAP (but not 
TS AO-NAP-I>-Pro) had been detected (Fig. 6). The tdpeptide d^vative TSAO-NAP- 
Val-Pro-Val was very efaciently converted ixredominantly to TSAO-NAP-VaJ. by 
hunxaa serum as also occurred in the presence of purified CD26 (data not shown), 

Solubihtv 

LipophiHdty of a drug may strongly detemune its solubility^ pksxa^ protem 
binding but also its ability to cross the blood-brain barrier. Different dipeptides or 
tetrapeptides finked to TSAO-NAP m.aia;:edly mQuence the calculated log P values of 
the molecules (Table X) . 

It is also clear that the nature of the dipqjtide moiety present on TSAO-NAP 
markedly affect prodrug solubility in water. For example, oixly littiB amounts of 

... . • ■ : • . . . 
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prodrug ^ears m tbs water phase when Val-Ala had been lixd^ to TSAO-NAP, 
^ereas Val-<51y and pakcularly Pn>-V«l linked to TSAO-NAP. h^ xa«a.^y 
jjopreased water solubility (Table 2) 

TABLE 1. CALCULATED LOG P VALUES OF TEST COMPOUNDS 




Compotxad 

1. TSAO-ra3T 

2. TSAO-NAP 

3. TSAO-NAP-Pro-Val 

4. TSAO-NAP-OH-Pco-Val 

5. TSAO-NAP-Ala-Val 

6. TSAONAP-Pro-Sear 

7. TSAD-NAP-Pro-Lys 

8. TSAO-NAP-Pro-Asp 

9. TSAO-NAP-Pro-Asn 

10. TSAD-NAP-Pro-LyB-Pro-Vai 

11. TSAO-NAP-Pro-Afi^i-Pro-Yal 

12. TSAO-NAP-Pro-Vaa-PfO-Val 



3^1 
238 
3.08 
2.19 
2-41 
1.25 
L85 
-0-59 

1- OO 

2- 93 
0.64 
4.15 
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TABLE 2. SOLUBILITY OF TEST COMPOUNDS AFTER 2X10 SEC SOMCATION 
AND 4 DAYS SSAKSJiJG OF I MG/ML CC3MPOUND IN MILLI-Q WATER AT ROOM 

■ * • 

. Tra-IPERATURE* 



Confound 


Sohibility 


- Speotntm 






(HELC) 


(~ 265 Tnn) 




CAM-422 (TS AO-NAP-Gly-Val) 


1,120,567 


1.886 


28.5 


CAM-424 (TSAO-NAP-Ala-Val) 


229,432 


0.S50 


28.8 


CAM-430 (TSAO-NAP-D-Pro-Val) 


6,174,671 


3.220 


31.4 


TSAO-ni'T 


0 


0.100 . 


"22,6" 


'After shaking: oeatrifugatiaQ SO nun 15,000 ipm — >■ 


U.V. Bpectnim se filter (0.45 ja) — >• 



quantification by HPLC analysis (acetonitrLle/Na phosphftte Imfifer heptaxiesiOfpxjdD aoid). 

As a coaclusion, dipeptidyl or trjpeptidyl derivatives of the lipophyiip TSAO 
nucleoside analogue were shown to be efficient subsfxates for piiiified CD26, as wbU 
as for soluble CD26 activity present in human and bovine serum. Oligopeptide 
derivatives of highly lipophylic water-insoluble drugs cajamake ti).ese drugs markedly 
more water-soluble, less plaacna protein binding and can also increase (heir oral 
bioavailability. In additicm,. this technology allows a more specific targetiag of drugs 
to CD26-exprBS$iilg cells. 

MaferiaLs and Metbtodjl 

Compounds, enjzvmes and cells 

The TSAO derivatives depicted in Fig. 1 can be synthesised as described beilow; 
GiyPro-pNA (GP-pNA), Diprothi A and Val-Pro were purchased J&om Sigma-Aldrich 
(Bomem, Belgium). L-isoleucine pyxrolidine (IlePyr) was synthesized as described 
(17), CD25 was purified as d^escrlbed bejfore (18). Foeftal bovine serum (BBS) was 
obtained jfrom Integro (Dieren* The Netherlands). Human, serum represented a pooled 
serum that was derived &om 10 healthy volunteeis (blood donors). HanxTO 
lyiophocjtg CEM cells were derived from the ATCC (Eljockville, MD). 
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<;ynthesis of T',^ AO Aerivatives 



N-bcnzoyloaycarboayl-S-brorao-propylajajineCt) 

To an ice cooled suspension of 3-bromopxOpyla«itxb teOMChydrate (0.9 g, 4.11 imttol) 
and tricth^amine (1.3 mL, 9.05 mmol) in <fay dicWorom^e w^s *lo^ly added a 
solution of beozyl ohlorofoimiate (0.6 tnL, 4.11 imnol) in dry dicHoroni^thaae (1 

mL). The reaotion mixture was stiired at room temperature ov^ght. Then it was 
washed with saturated aqueous NaCl (2 x 15 mL), dryed (aoMdrous Na^SO*), filtered 
and evaporated to dryness. The residue was purified by CCTLC on tbe chromatotroa 

using hcxaae, cth^d acetate (4:1), to give 0.8 g (72%) of CD as awhite foam. 

[Ha%5*-Bis^(tert^butyldimefliykflyI)-P-I>ribo^^ 
oxicarbouylmetyl)«iidnapropyl)thyxidiie]-3'-spiro-5"-(4»-a^^ 

2",2"-dioxide) (2) 

To a solution of TSAO-T (1 equiv.) ia dry ai^one (20 mL) was added dry KaCOa 
(1 1 equiv.) and compound 1 (2 equiv.). TTae reactiott mixture was refluxed for 6 h, 
and tlien, concentoted to dryness. The residue was dissolved in e£M aetata (20 mL). 
washed with brine (2 x 20 mL), dried OSfa^SO^ filtered and evaporated to dryness. 
The residiiis thua obtained was purified by flash column chromatography, using 
diohloromethanemetanol (70: 1) as live elueat to give 2 (85 %) as a white foam. 

[H2%S>-Bis-0<i^-butyldime<hybiIyl)-P-I>-rIbofuranosyI]-3^^^ 
thymiae]-3»-spiro-5'H4"-amjUio-l",2»-oxalliiole- 2»^»-dioxide) (3) 
A solution of compound 2 (1 equiv.) in methanol coataming Pd/C (10%) (30 wt%) 
was hydiogenated at 25 psi at loom tBmperatute for 2 b. reaction mixture was 
filtered, and fJie filtrate was evaporated to dryness, under r^d pressure to give 
compound 3 (90 %)- 

General procednre for tfce synthesis of TSAO-peptides-Z protected (4) 
■ A sohition of the corresponding peptide (1.5 equiv.) (prq>axed foUowing usual 
coupling method in peptide synthesis) in dichloromethane (2 mL), was sucowsiyely 
treated, at room temperature, with (benzolriazol-l-yl-oxy)-/r&-(dimethylammo)- 
nhosohomun h^mf^M^ ^OP) (1.5 equiv.). amino-TSAO derivative 3 (1 
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equiv.). and triefliylanune (1.5 equiv.). The leaction mixture was stirred until 
complete disappearance of fhe staitmg compoimd (3) (10-12 hours). Then, the solveat 
was evaporated'to dryads and tiie residue was dissolved in dry diciiloromethaae (2 
mL), washed with. 10% aqueous citric acid (10 mL), 10% aqueous NaHCOa (10 mL) 
and brine (2 x 10 mL). The organic layer wa$ djcied (NajSOO sroid ev^wxated to 
dryness. The residue was purified by CCTLC on the Chromatotron - using 
dichloromethaneanethanol (70: 1) as the elu«it to give. TSAO-dipeptides (4) (50-55 % 
yield) 

- General procedure for the ^Ch^i$ of depx-otected TSAO-peptides (5) 
A sohition of Hie corresponding TSAO-peptides-^^protected (4) (l equiv.) in 
meihanol containing Pd/g (10%) (40% wt%t) was hydrogenated at 25 psi at room 
tezuperatuie for 2 h. The reaction mixture was filtered, and the filtrate was eysyporated 
to dryness, under reduced pressure to give 5 (90% yield) m a foanx. 

General peptide chemistry 

Coupling of natural amino adds in order to form a peptide is straightforward fox a 
person skilled in the art. Several chemical strategies are available of which the Fmoo 
and Boc chemisfay are the most widely used. Fields G.B. gives aa extensive 
description of the peptide cheraistry -fliat can be appHed to coiqile amino adds to each 
other or to a therapeutic diug.(19) Sohd phase as well as solution phase chemisby can 
be applied. (20) 



^valuatiog of the inhibitory e=fF«rt n f CD26 inhibitors on ttie oonvBrsion of T.SAO- 

I 

NAP-Val-Pro to TSAQ-NAP by mmfied CD2(L hum an seniin a nd bovine .seniTn 

All enzyme activity assays were performed in ^peadorf tubes on a heating block at 
37°C. To each tube were added 32 [il CD26 (at a final concentration of 1.5 mUUUnits) 

or 10 |il foetal bovine setum (BS) (final conocaalration: 2.5% BS in PBS; preheated at 
56°C for 30 min) or 10 fU human serum (HS) (final concCTtration: 2,5% HS in PBS), 

40 ^l of appropriate concentrations of inhibitor (Diprotin A or IlePyr) solution in PBS 
(for the exact concseotrations, see ftss legend to Fig. 5), CAM-405 (the substrate of the 

reaction) at 50 liM (final concentration) and PBS to reatOi a total volume of 400 pJL 
The pH of the reaction mixtnre was 7.5, which is virtually, identical to the 
physiological pH of plasma. The reaction was started by the addition of the enzyme or 
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- seiniin and canied out at 37''C. AfterS hr, 100 reactim imxtare was taken fcom the 
Eppeodorf tabe and added to 200 m1 cold mefhaaol to pxocipitate tiie pxotejns. After 
10 min standing on ice, tbe contents of the tubes were ceuiiifuged and tll6 
supemataats analyBed by HPLC on a reverse phase cblnmn (RP-8, Mwok 
Laboratories). CAM-405 was sqiaialBd j&»m CAM-212 (the product of the reaction) 
by a gradient of 50 aiM sodium phosphate + 5 wM. hqptame sulfonic acid pH 3.2 
(Buffer A) and aoetonitrile CBuffer B) as follows: BujBfer A; 98% + 2% Buffer B, 2 
min; linear gradient to 20% Buffer B, firoxn 2 to 8 mii^ linear gradient to 25% Buffer 
B from 8 to 10 jnin; linear gradioit to 35% Buffer B &om 10 to 12 min; linear 
gradient to 50% Buffer B from 12 to 30 min; 50% Buffer B &om 30 to 35 min; linew 
^adient to 98% Buffer A 2% Buffer B from 35 to 40 min; 98% Buffer A fixna 40 to 
45 min. The retention timess of CAM-405 and CAM-212 were 29.3 and 30.0 nan, 
respectively. 

Measuring the solubilitv and bioavailah ilitY of t he prodrags 

In jSrst instance methods exist to predict ttie solubility of » oojoopowitd. For ^K^pl^ in 
J Chsai lof Comput Sci 1998 May-Jtin;38(3);450-6 the aqueous solubiHty prediotion 
of drags based on molecular topology and neuial network modeling has beeaa 
described. ' . 

Id fact, all paiameters relevant for solubility and bioavalability (pKa, partition 
coefiecieat, etc.) can be determined, 'Tpmg Bioavailability: EstknatLon of Solubility, 
Permeability, Absorption and BioaYaLiabUity gives » cqmprehensive ov^ew of 
these pararaetei-5 and flieir determination or prediction (ISBN 3S273043SX)- 
Partition coefficients axe a measurement of lipophilicity. Expressed n\jm^<5^1y as 
log P valuer, they are the ratios between the concoitralions of substances ta two 
immiscibLe phases, such as water/octanol ox water/hposoraes and they can be easily 
calculated. Substances with high log P values dissolve better in fats and oils than in 
water. This enhances then: ability to enter lipid (f at-based) m^nbxanes ia the body by 
passive diffusion, thweby enhancing their potential for absorption; 
Many drugs have a log P value of between one and fow, making them suitable for 
oral methods of delivery* Drugs with hi^ log P arc usually poorSy soluble in w^tegc. 
They may be lipid-soluble> but they cannot dissolve in the GI tract, so can't diflijse 
into the gut wall If fhey do enter membranes^ fhey may become traqiped^ with 
resultant toxic efifects. 
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The partition coefficient can also be calculated A meUiod for logP prediction 

* • 

developed at Molinspiradon (imLogPlr2) is based on lix© groiap contribirtions, Groiip 
contidbutions have been obtained by fitting calculated logP with experimental logP for 
a traiiiing set of sevCTal thousands drug-like molecules. The method can be used by 
used at wwwjnolinspiration^con^u/'services/logp.ht^ (QSAR 15, 403 (1996)), Many 
other LogP detennination programs are available. 
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CIAEMS 



1 . A prodrug, eharaoteiised m feiU fee pxodmg is c\^\^ by a dipep(idyl-pBpttda56. 

2. A prodrug according to claim 1, whetdn the prodrug is a coajiigate of a 

liierapeutic drug and a peptide and derivatives thereof. 

3. A prodrug according to claim 2, vAiereia Ike tiier^eulic drug aad the pe^^^ 

coijplBd through, aa amide bond. 

4. A Prodrug acccMX&ig to claim 3, wharain the topeado dnis and an p^^^^ 

are iadirectly coupled "via a linker. 

5. A prodrug according to claims 2 to 4, wherein said peptide caa^xriaes CX-Y)„ 
repeated units ^acan X B?>resettts any annuo add, Y is selected firom Pro, Ala, 
GLy, Ser, Val or Leu and n is selected from 1, 2, 3, 4 or 5. 

6. A prodBig according to olaima 2 to 4, wherein the peptide ends aminoterminally 

with X-Pro or X-Ala. 

7. A prodrug according to claims 5 and 6, whcareiB X is selected fiom the 

hydrophobic amino acids (i.e. Val, Leu, He, Phe and Tyr). 

8. A prodrug according to claims 2 to 7, wherein the peptide is a dipeptide. 

9. A prodrug according to all previoxis claims, wherein ttie dipeptidyl-peptidase is 
dipeptidyl peptidase IV ^ 3.4.14.5 - CD26). 

10. A prodrug according to aU previous c)aiiu., wh^ ^ therap^c dyug ia an 

anti-viral drug. 

11. A prodrug according to claim 10, whereii^iiie antiviral drug is TSAO, 

12. A meaod for increasing the water solubility, decieasmg plasma protein binding 
and/or the bioavailability of a therapeutic drug by coupling a p^tide to said 
Iherap^itio drag whexeby flie resulting conjugate is cleavable by a dip^tidyl- 

peptidase, 

13. A method of piodncing a prodrug, wherein the prodrug ia clea^^Ie by a 
dipeptidyl-pcptidase, flkxe method comprismg the st^ of linJdns a therapeahoaUy 
active dnig and a p^tide whereby the resulting conjugate is cleavable by 
dipeptidyl-peptidafies. 

14. A method of selecting potential prodrugs, said method comprising contacting 
.xnino acid prodrugs with dipeptidyl-peptidases or tissue or cells pxoducmg 
dipeptidyl-pq?tidases and with dipeptidyl-peptidases fi^^i^i^ m a parallel 
expenment 
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ABSTRACT 

The present inventioii provides a new prodrug technology and new prodrugs in order 
to increase the solubility, to decrease plasma protein bindixig or to enhance the 
bioavailability of a drug. In the present invmtion tb.e prodrugs are ipocgngates of a 
therapeutic drug and a peptide wherein the conjugate is cleavable by dapeptidyl- 
peptidases, more preferrably by dipeptidyl anunodipeptidase ly. The present 
invention furthermore provides a. method of producing said prodrugs. The nrventiOTL 
also provides a prodrug technology to more selectively target drugs, to enhance braia 
and lymphatic deli\'^ of drugs and/or to est^d drug half-live? in plasma- 
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